Self-rated health (SRH) has been shown to be a good predictor of mortality. Data on SRH and its associated factors in the Chinese general population are limited. This study aims to assess the epidemiology of SRH in rural Anyang, China. SRH (categorized as "healthy", "fair" or "unhealthy") was measured in a population-based study of 2,814 adults (including 697 couples) aged 25 to 69 who were recruited from rural Anyang in 2014. Of 2,814 subjects, 63.1% rated their health as "healthy", whereas 28.1% and 8.8% rated their health as "fair" and "unhealthy". Compared to males, females had a higher likelihood of reporting a better SRH. Health ratings declined with increasing age, unmarried status, lower education levels. Poor SRH was positively correlated with medical history as well as high levels of fasting plasma glucose and total cholesterol, but not with unhealthy lifestyle indicators including smoking, drinking, and obesity. High household income was predictive of better SRH in men but not in women. Among couples, a positive spousal SRH concordance was observed, although the strength of this concordance was low. These findings will be useful for formulation of appropriate strategies for improving risk perception and promoting general health in economically developing regions.
. The prevalence and determinants of SRH have been extensively investigated mainly in economically developed countries. Medical health status and its subsequent functional outcomes are widely recognized as major determinants when people rate their health 7, 8 . However, the relationship between certain socioeconomic factors, health behaviors, clinical parameters and SRH varies depending on demographic and geographic factors [9] [10] [11] [12] [13] [14] . In contrast with abundant data available from developed regions, studies in economically developing countries including China are not adequate and have generally been restricted to particular subpopulations, such as elderly people and floating population who refers to migrants without local household registration 11, 15, 16 . Furthermore, comprehensive assessments of the correlates of SRH among general Chinese populations are scarce. Most previous studies only evaluated the potential effects of interview data such as lifestyle characteristics on SRH ratings 11, 15, 16 . Other factors such as biochemical indicators, which may reflect subclinical physiologic conditions, have not been sufficiently investigated in existing studies carried out in China.
In addition, data concerning SRH spousal correlation is limited both in economically developed and developing regions. It has been suggested that good SRH is positively associated with spouses' optimism 17 . In theory, environment and lifestyles shared by a couple could result in shared health risk 18 . However, factors which couples do not share such as genetic characteristics may cause spousal SRH discrepancy. The presence or absence of SRH correlation and the degree of SRH concordance in couples remains unclear.
Scientific RepoRts | 7: 4459 | DOI:10.1038/s41598-017-04381- 6 To overcome these limitations and fill important research gaps, this population-based cross-sectional study seeks to (1) investigate the distribution of SRH and its determinants including socio-demographic characteristics, behavioral factors, physical status and clinical measurements in rural China, and (2) assess the correlation and concordance of spousal SRH in this population.
Materials and Methods
Study subjects. A population-based prospective cohort study of risk factors for esophageal cancer in rural Anyang, China, has been described elsewhere 19 . The current investigation utilized a subset including 5 of the 9 target villages which were cluster-sampled in the parent cohort study conducted in 2014. Eligibility criteria for enrolment were as follows: (1) permanent residency in the target villages; (2) age 25-69; (3) no prior diagnosis of cancer or mental illness; (4) no history of infection with HBV, HCV or HIV; (5) willingness to participate in the follow-up program and provide informed consent. All participants provided written informed consent, and the study was approved by the Institutional Review Board of the School of Oncology, Peking University. The methods were carried out in accordance with the approved guidelines.
Questionnaire survey. A one-on-one computer-aided interview was administered in a private room by a trained interviewer, and information on SRH, demographic characteristics (age, gender and marital status), socioeconomic variables (number of family members living together, type of employment, education level, and household annual income), indicators of healthy or unhealthy lifestyle (cigarette smoking, alcohol drinking, and body mass index), and disease status (history of disease) were collected during these interviews. SRH was initially recorded in 5 levels (very good, good, fair, poor, and very poor), and then categorized into 3 groups which included "healthy" (very good and good), "fair" and "unhealthy" (poor and very poor) for statistical analyses. Annual household income was categorized as low, moderate and high on the basis of annual income of ≤10,000, 10,001-30,000 or >30,000 RMB. Cigarette smoking was defined as consuming one cigarette or more per day for ≥12 months, and alcohol consumption was defined as drinking Chinese liquor at least twice per week for ≥12 months. A former smoker or drinker was characterized as an "ever" user who had not smoked or consumed alcohol in the preceding 12 months. Body mass index (BMI) was calculated as weight/height 2 (kg/m 2 ) and categorized into 4 groups: underweight (BMI < 18.5), normal weight (18.5 ≤ BMI < 24.0), overweight (24.0 ≤ BMI < 28.0), and obesity (BMI ≥ 28.0) 20 21, 22 . TC, TG, LDL and HDL were measured enzymatically on an automatic analyzer (Hitachi 7600-020, China) with reagents purchased from Sichuan Xin Cheng Bio-Tech Co., Ltd. FPG was measured on the fasting blood glucose meter (Yicheng 5D-2, China). All clinical measurements were performed by the clinical laboratory staff of Hua County Hospital, Anyang, China.
Statistical analyses.
The chi-square test was used to determine differences in self-rated health across model covariates. Due to the order of the outcome categories and satisfaction of the proportional odds assumption (measured by likelihood ratio tests and the Brant test), univariate and multivariate ordered logistic regressions adjusting for intracluster correlation (cluster variable: village) were conducted to estimate the relationships between explanatory variables and SRH. Potential risk factors that were statistically significant in univariate analyses, together with related variables which have been previously reported were included in multivariate models (Linear regression models were used to determine whether any variables in the multivariate models were highly collinear. In this study, all variance inflation factors were below 3.0 and therefore within the acceptable range). The odds ratios (ORs) and 95% confidence intervals (CIs) were calculated treating the group "healthy" as the reference group. Only a single odds ratio that described the odds of increasing by 1 category of the outcome for a 1-unit change in the explanatory variables was reported. For couple concordance analysis, Spearman's rank test and weighted kappa statistics employing a linear set of weights (e.g., 1.0, 0.5, and 0.0) were used. The kappa statistics examine the level of agreement beyond what would happen by chance. The kappa value 0 indicates that the degree of agreement is no more than would be expected by chance, while the kappa value 1 indicates a perfect agreement.
Statistical analyses were performed using STATA version 12.0 software (STATA Corporation, College Station, TX, USA). P values less than 0.05 (two-sided) were considered to be significant.
Results
Participant characteristics. Of 3,457 eligible residents, 2,814 (81.4%) were enrolled. The main reason why the other 643 individuals, who were generally more likely to be younger men, did not participate was loss of contact due to employment outside of Anyang. The median age of these 2,814 participants was 49 (interquartile range, 43-60), with a female to male ratio of 1.6 ( Table 1) . Most of these subjects were married (94.2%), engaged in farming (73.2%), were lifetime non-smokers (74.5%) and lifetime non-drinkers (83.3%). The percentages of subjects had 1-2, 3-5, and ≥6 family members living together were 19.1%, 54.7%, and 26.3%, respectively. Almost half of the participants were illiterate or had a primary school level of education (48.5%). Subjects with low, moderate or high levels of household annual income each accounted for approximately one third of the study population. More than 60.0% of subjects were overweight or obese (64.4%). Fifteen percent had clinical disease 
Distribution of SRH.
More than half of the study population rated their health as "healthy" (63.1%), whereas 28.1% and 8.8% rated their health as "fair" or "unhealthy" (Table 1 ). Compared to males (47.7% of whom rated their health as "healthy", 42.9% as "fair", and 9.5% as "unhealthy"), females (72.5% of whom rated their health as "healthy", 19.1% as "fair", and 8.4% as "unhealthy") had a higher likelihood of reporting a better SRH (OR = 0.29, 95% CI: 0.18-0.46) ( Table 2 ). Health ratings declined with increasing age (P value for trend = 0.001) ( Table 2) . The multiplicative interactions between age, gender and other explanatory variables were analyzed respectively. Except for annual household income, none of the other variables showed significant interaction with gender when other explanatory variables were controlled. Therefore, only the effect of annual household income on SRH stratified by gender was explored (Table 3) . In multivariate analyses, there was a clear gradient correlation between annual household income and SRH in males. That is, the higher the annual household income, the better SRH (P value for trend = 0.018; Adjusted OR = 0.36, 95% CI = 0.19-0.71, high (>30,000 RMB) vs. low (≤10,000 RMB)). However, there was no such independent association in females (Table 3 ). Table 4 , of 697 couples in which both partners provided SRH data, there was a statistically significant spousal concordance for SRH, although the degree of concordance was low (Weighted kappa = 0.09, P = 0.001). Spearman's rho test also showed that the SRH of one partner was mildly but significantly correlated with that of the other partner (Spearman's rho = 0.12, P = 0.001).
Risk factor analysis.

Spousal SRH concordance. As shown in
Discussion
To our knowledge, this is the first study assessing both the determinants and spousal concordance for SRH for general population in rural China. Of the male and female respondents, 9.5% and 8.4% reported "unhealthy" SRH in rural China. Poor SRH was positively correlated with disease status and abnormality of some clinical parameters but not with presence of unhealthy lifestyle indicators including smoking, drinking, and obesity. High household income was predictive of better SRH among males but not among females. Among couples, a statistically significant positive spousal concordance for SRH was observed, although the concordance strength was low. These findings will be useful to formulate appropriate strategies for health intervention.
Our study showed that 8.8% of respondents rated their health status as "unhealthy", while more than 60% reported "healthy" SRH. These proportions were in the middle of the wide range reported by prior studies from Asian countries 11, 15, 16, 23, 24 . The variation found among populations may largely explain the heterogeneity of proportions across studies. It is well known that advancing age and low education levels are positively associated with Continued poor SRH 10, 11 . Our results further confirmed this correlation. With regard to gender, reports of its association with SRH have not been fully consistent [25] [26] [27] . In this study, SRH in women overall appeared to be better compared with SRH in men. Since poorer SRH reflects a higher burden of diseases 28 , gender disparity in SRH ratings could be partially explained by the fact that men in this population were more likely to report having a disease history (Male vs. Female: 31.4% vs. 13.2%, driven by a higher prevalence of upper digestive tract disorders, respiratory disease, and cardiovascular illness; data not shown).
It has been suggested previously that high household income is predictive of better SRH 9 . Notably, in this study, an independent association between annual household income and SRH was found in males but not in females. This gender disparity in the relationship of family income and health has also been observed by other researchers 23, 24 . It could be explained partially by specific sociological factors. For instance, household income is largely dependent on men's income in rural China, which may affect their control over family resources, access to health care and decision-making power 29 . Accordingly, the impact of income inequality (e.g., low-income households vs. high-income households) on health is more likely to be observed in men (major controllers) than in women. However, the mechanism by which income inequality is linked to health and SRH yet to be convincingly established.
Consistent with most previous studies, current or past disease was strongly associated with poorer SRH 2, 28 . For clinical parameters, the degree of association increased with the abnormal levels of FPG and TC even after adjusting for disease status and other potential confounders. Additionally, high levels of FPG (≥7.0 mmol/L) and TC (≥6.2 mmol/L) were significantly associated with poorer SRH. The correlations between biochemical indexes and SRH observed by us and others groups may be the result of physical sensations associated with disease progression, such as fatigue and poor sleep patterns, indicating that SRH has a biologic basis and it may serve as a barometer of physiologic states 13, 14 . For borderline high levels of FPG and TC as well as abnormality of TG, LDL and HDL, their association with SRH were not statistically significant after adjustments. This can be partially explained by the fact that rural residents rarely underwent biochemical examinations and most were unaware of the abnormality of clinical parameters. Thus, in contrast to high levels of clinical indexes which may influence health perception and relate to SRH ratings, marginally elevated levels of biochemical indicators without accompanying symptoms and signs would be unlikely to have an impact on SRH reporting 13, 14 . For unhealthy lifestyle indicators (such as smoking, drinking, and obesity), a null association was observed, in contrast with results from economically developed regions 30 . Taken together these findings may reflect the fact that adults in rural China often lack basic knowledge about disease prevention and are thus not aware that risk factor exposure may have adverse health effects 31 . In support of this assumption, other studies found that obesity is not regarded as unhealthy, but rather as a matter of good fortune in Chinese culture especially in rural area. This is especially true in rural areas, where it is believed that only rich people could afford to eat more and gain weight 32 . In view of the fact that physical health but not unhealthy lifestyles which are regarded as major causes of modern-day disease 33 , plays an important role in SRH in rural China, more measures for health promotion and intervention are recommended for rural individuals to improve lifestyle and risk perception. Further research is needed to confirm our findings.
Our study also augments knowledge regarding spousal SRH concordance in heterosexual couples based on a large sample. As expected, we found that the SRH of one partner was significantly associated with that of the other partner, although the degree of spousal concordance was low. This phenomenon may arise from the combined effect of shared and non-shared factors. The contribution of sharing a similar environment, social network, and financial resources (including specific factors such as age, education level and annual household income) to similarity in spousal SRH could be attenuated to some extent by effects of non-shared factors (including smoking status, BMI and history of disease) for respondents and their partners (Supplementary Table S1 ). Moreover, differing genetic characteristics in couples could also reduce the degree of concordance. Thus, life features shared in couples could lead to the observed significant though low SRH concordance. This finding may serve as a first step toward developing couple-based interventions to jointly improve SRH for both partners.
This study has several limitations. First, the possibility of a selection bias (e.g. bias introduced by exclusion of individuals aged below 25 and above 69) may undermine the generalizability of our findings to a wider population. Second, bias potentially introduced by the individuals who did not participate must be noted, as such bias may have blurred the age/gender-related association. Third, with the exception of clinical parameters, all information was self-reported data. Recall bias or under-reporting of risk factors cannot be excluded, although interviews were administered by well-trained interviewers in a one-on-one private setting. Fourth, our findings may be subject to potential endogeneity bias. Additionally, information about depression, health service utilization and social networks was not collected, and their association with SRH could thus not be evaluated. Finally, owing to its cross-sectional nature, the temporal order of observed associations with SRH cannot be established.
In conclusion, this study adds to current understanding of self-rated health and its determinants. SRH differed significantly with socio-demographic characteristics, disease status, and clinical parameters, but did not vary with healthy lifestyle indicators in rural China. Among couples, the shared lifestyle features may lead to a significant although low SRH concordance. These findings will be useful for future improvement in subjective well-being and objective health in economically developing regions. Weighted Kappa was calculated to evaluate the concordance between respondents' SRH and spouses' SRH. To identify correlation between respondents' SRH and spouses' SRH, chi-square analysis and Spearman's rank test was used. Weighted Kappa = 0.09, P = 0.001; Spearman's rho = 0.12, P = 0.001; chi-square [4] = 15.02, P = 0.005.
